chromatography and liquid scintillation counting as described previously 141. Fig. 1 demonstrates a standard curve relating log,,, human proinsulin concentration t o specific activity of HMG-CoA reductase (pmol min-I mg-I protein). The human proinsulin concentration range for which this curve was linear was 2.7-2.7 x 1 0 5 PM. Thus, the detection limits of the bioassay presently include the physiological concentration range of human proinsulin in serum 161.
Having established that a linear response exists between biological activity and proinsulin concentration. the effects of serum and insulin on the bioassay were examined. Fig. l ( h ) shows that the specific activity of HMG-CoA reductase was significantly elevated ( I ) < 0.05) when serum was present with proinsulin in the medium 1714 k 3 5 3 2 ) pmol min-l mg-' protein1 compared with when proinsulin alone was present [ 160 k 73 (4) pmol min-I mg-l protein, m e a n f~.~.~. N o significant difference was observed when insulin ( 100 pM) was present with proinsulin.
It is apparent that there is not only a higher level of activity, but also a greater variation in activity when serum is present. The components in serum, besides proinsulin, responsible for elevating the biological response may include catecholamines, and thyroid hormones, already known to affect cholesterol biosynthesis in liver. This underlies the importance of setting up parallel bioassays when assaying serum samples for proinsulin concentration. Thus this study has shown that a linear biological response can be cstablished for a range of human proinsulin concentrations. This constitutes the first step in the development o f a proinsulin bioassay.
The only lipid generally available to cells in culture is that present in the serum supplement [ I ] . For most cells, including fish cells, fetal calf serum (FCS) has optimal growthpromoting activity and is the serum of choice [2] . However, in contrast to terrestrial animals, the lipids of fish, and especially marine species, are dominated by ( t i -3) polyunsaturated fatty acids (PUFA) [3] . As a result, fish cells cultured in FCS are grossly deficient in ( t i -3)PUFA, whereas ( 1 1 -6)PUFA levels are normal or elevated depending upon the cell line 141. However, the cells readily grow and divide in culture, often at temperatures above those that are lethal to the fish 141. Supplementing the culture media with ( t i -3)PUFA restored the total (tz -3)PUFA levels in Atlantic salmon (AS) and turbot ( T F ) cells to normal in both total lipid IS, 61 and membrane phospholipids 17, 81. The present study was initiated to determine the effects of ( P I -3)PUFA and ( t i -6)PUFA supplementation on the growth rate of AS and TF cells.
The AS cell line was cultured in Eagle's minimal essential medium (EMEM) containing 0.3% (w/v) sodium bicarbonate and 1 "A) (w/v) non-essential amino acids. The T F cell line was cultured in Leibovitz L-15 medium containing 0.35% (w/v) sodium chloride. Both media were further supplemented with antibiotics (50 i.u. o f penicillin/ml and 50 pg of streptomycin/ml). Cells were grown at 22°C in sealed 75 cm? plastic tissue culture flasks in 20 ml of medium. For provision o f experimental material, the cultures were grown in media supplemented with 5% (v/v) FCS and were harvested for Both cell lines were dependent upon the presence of FCS for growth with the optimum growth rate for both cell lines obtained with 5% (v/v) FCS and no PUFA supplement (Table I ) . However, when supplemented with 2% (v/v) FCS, TF cells, the most effective growth promoting acids were, for (n-3)PUFA, C,,:., .,,-3r and for (n-6)PUFA, Clx3,,,-(,.
These PUFA are the products of A6-desaturase that are known to accumulate in T F cells upon C,H:2,,l-6 and C,,:.3,,j-3 supplementation owing to the lack of C,, to C,,, elongase and/or AS-desaturase in the T F cells [6, 8] . Furthermore, C,, PUFA alone cannot satisfy the essential fatty acid (EFA) requirements for live turbot, whereas C2,,/C,, PUFA are fully effective [ 111. Therefore, the ability of C,, and C,, ,,,-(, to greatly enhance T F cells growth was very surprising. Similarly, with AS cells, there was no obvious relationship between growth promotion and PUFA supplementation, other than ( t i -3)PUFA being generally more effective. The EFA requirements for Atlantic salmon are not known precisely [ 101, but there was no clear trend within the specific PUFA tested to suggest the PUFA most likely to be effective as EFA. The salient conclusion from this work, therefore, is that while (ti -3)PUFA had better growth-promoting properties than (ti -6)PUFA for fish cells cultured in FCS, there is no precise correlation between the extent to which (ti -3)PUFA promote the growth of cultured cells and their efficacy as EFA in the live animal.
In recent years, protein glycation has received considerable attention as it is believed to promote many of the undesirable effects of diabetes and ageing [ 11. Most workers agree that an initial sugar-protein adduct rearranges to a relatively stable intermediate (the Amadori product), that reacts slowly with further protein molecules, producing irreversibly crosslinked aggregates or advanced glycation end-products (AGEs). These are believed to contribute to the complications mentioned above.
Some AGEs are fluorescent and this has provided a useful marker for attempts to relate the build-up of AGEs to diabetic complications 121. However, not all AGEs fluoresce; furthermore, a recent hypothesis suggests a very different mechanism for glucose-induced protein damage, namely fragmentation of the protein backbone by glucose autoxidation products [ 31. We have used SDS/PAGE to investigate these and other aspects of the glycation mechanism.
First, we found no evidence for the alternative mechanism involving fragmentation of the polypeptide backbone. Bovine serumn albumin (BSA) from Sigma (fraction V ) was incubated for 8 days at 0.3 mM concentration with 0.5 Msugar in 0.05 M-sodium phosphate/3 mM-NaN, buffer, pH 7.4 at 37°C. Free sugar was removed by dialysis, and the protein examined by SDS/PAGE on 7.5% (wlv) gels stained with Coomassie Blue R. Fig. 1 shows that with glucose, fructose or galactose as the glycating sugar, there were no bands
